pH1 is an important determinant of vascular tone in cerebral blood vessels. We investigated the effects of changes in pH. on isolated smooth muscle cells from the basilar artery of the guinea pig. Single cells contracted rapidly in response to an elevation in pH. (constant C02), and contraction was blocked by nifedipine, suggesting a role for dihydropyridine-sensitive Ca2+ channels. In whole-cell patch-clamp experiments, changes in pH, (pH0 5.7-8.1, pHi 7.2 with 10 mM HEPES) strongly affected the amplitude of the peak Ca2+ channel current (10 mM Ba2', +15 mV, holding potential of -55 mV), with an apparent pK of 6.9. The current-voltage curves were minimally shifted, indicating no important effect of surface charge. To separate the slowly inactivating L-type Ca2+ channel current from the more rapidly inactivating B-type current, the decaying portions of inward currents from cells studied with repetitive 1-second pulses (+15 mV, holding potential of -55 mV) were fit to a two-component model. Titration curves for the L-type and B-type currents indicated maximum increases by factors of 3.65 and 1.28 at alkaline pH1 and gave apparent pK values of 7.71 and 6.47 (Hill coefficient unity). The time constant of inactivation for the B-type current at +15 mV was little affected by pH., whereas that for the L-type current increased somewhat with increasing pHo. Additional experiments showed no significant effect of pH, on holding current or on voltage-activated outward currents (pCaj 7 with 11 mM EGTA). Our results provide additional evidence for participation of Ca2+ channels in regulating basal tone in cerebral smooth muscle and indicate that pH0 regulates current through slowly inactivating, dihydropyridine-sensitive L-type Ca2' channels. (Circulation Research 1992;71:201-209) KEY WoRDs * Ca2+ channels * K+ channels * pH * smooth muscle cells * basilar artery T he importance of acid-base balance in determining cerebral vascular tone has long been recognized. In 1849, Donders' observed in cranial window preparations that hypoventilation resulted in dilation of pial vessels, and in 1881, Mosso2 reported that hypoventilation caused a decrease in cerebrospinal fluid pulsations in patients with cranial defects. In the modern practice of neurosurgery, the relation between acid-base balance and cerebral blood flow remains axiomatic and is frequently exploited for therapeutic purposes. In patients with increased intracranial pressure, mechanical hyperventilation is used to induce respiratory alkalosis, resulting in cerebral vasoconstriction, a decrease in cerebral blood volume, and a decrease in intracranial pressure.
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An important question that gained early attention concerned the relative role of pHi versus (2) Approximating the slowly inactivating component as a linear function results in underestimating its value and overestimating the value for IB. This discrepancy was small, however, as may be seen by comparing the superimposed fits for the slowly inactivating component obtained using the two methods on data from the same cell ( Figures 6A and 7A ). For the sake of uniformity, data at all values of pH. were fit to Equation 2 for the analyses shown in Figures 6, 7C , and 8.
Results

Contraction Experiments
To study the contractile effects of elevated pH,, we measured the shortening responses of single isolated myocytes. Under control conditions (pH1 7.2), isolated cells shortened slightly (<5%) when exposed to 1 mM
[Ca2l]0 for 15 minutes, but when the superfusate was made alkalotic, isolated cells contracted rapidly. An example of an isolated cell undergoing contraction in response to a change in pH, from 7.2 to 7.9 is shown in Figure 1 , and the results for a group of cells (n=9) are shown in Figure 2 . As indicated in "Materials and Methods," the change in pH in the chamber was relatively slow, requiring >2 minutes to be complete, and so changes in length were assessed at 3 minutes. In response to a change in pH0 from 7.2 to 7.9, isolated myocytes shortened 16+3% (mean±SEM) within 3 minutes, with no further change in length during an additional 7 minutes of observation ( Figure 2, open bars) .
The contractile response to alkalosis was blocked completely by the dihydropyridine nifedipine. In the presence of 1 ,uM nifedipine, a change to p1-I 7.9 resulted in cell shortening of <4% over 10 minutes (n =7; Figure 2 , right-hatched bars), a value that was not different from unstimulated cells at pH0 7 Figure 3A , recording a) and pH 6.5 ( Figure 3A , recording b). Figure  3C , the time constant of run-down was 15 minutes (solid line in Figure 3C) Figure 4A , recording a) and pH 8.1 ( Figure  4A , recording b). The current-voltage curves at pH0 7.2 and 8.1 gave values of EB12 (-10 and -9 mV), Em., and Erev that were not appreciably different ( Figure 4B ). Successive values of 1Ba during the change to pH0 8.1 are also shown for this cell ( Figure 4C ). Similar results were obtained in other cells; i.e., the relative value of 'Ba measured at +15 mV (Eh of -55 mV) depended strongly on pH., but no substantial shift in Erev or in voltage dependence was observed. Decreasing pHi from 7.2 to 6.1 (n=4) changed E1/2 from -7.2+1.9 to -3.1+3.7 mV, whereas increasing pHi from 7.2 to 8.1 (n=6) changed E1/2 from -5.0+2.6 to -5.2+2.0 mV. After taking run-down into account, (3) where pK is the negative logarithm1o of the apparent dissociation or ionization constant and Im.j, is the maximum increase observable. Values of 'ma' of 1.55 and pK 6.9 were found (solid line, Figure 5 ).
The time course of the response of the inward current to a change in pH was fairly rapid but was noticeably slower than the change in pH of the bath solution. Moreover, the response to a decrease in pH was consistently more rapid than that to an increase in pH. Although the kinetics of the response were not studied systematically, a decrease in inward current after lowering pH was apparent usually in the pulse immediately after the solution change and reached a steady-state level at =3.5 minutes (consecutive pulses were given every 30 seconds Figure 5 ) indicates that pH. had a much stronger effect on maintained current than on peak current.
One explanation for this differential effect of pHo on peak versus maintained current would be the presence of two distinct components of current. As previously shown, the inward Ba2+ current in smooth muscle cells from the basilar artery of the guinea pig can be separated into two components, termed IL and IB, that differ in voltage dependence of activation and time constants of inactivation and deactivation. ' Figure 6B , and values for TL and TB are shown in Figure 6C . As previously shown, '8 Figure  7C , for IL (-) and IB (nC). The data for each component were fit to Equation 3 , with Imax of 3.65 and pK 7.71 for IL, and Ima, of 1.28 and pK 6.47 for IB (solid lines in Figure 7C ). A Hill plot of these data is shown in the inset of Figure 7C 4 In the present study, we also found no effect of pH0 on the holding current at negative potentials with buffering of pCaj and pHi. 
